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Declaration of Dr. James W. Mover under 37 C.F.R. § 1.132 

I, James W. Moyer, do hereby declare and state as follows: 

1 . I am a Professor of Plant Pathology and Head of the Department of 
Plant Pathology at North Carolina State University. I received my undergraduate 
degree in Agronomy at Washington State University. I did my masters and doctoral 
work in plant pathology at The Pennsylvania State University. One of the research 
areas on my laboratory is a floral crop program that has focused on techniques for 
development of reliable fingerprinting technology as an aid to cultivar'identification 
and more recently the development of tools for molecular marker assisted breeding. 

2. I am a named inventor on U.S. Patent Application No 09/912 072 
(hereinafter "the "072 application"). 

3. I have read the following publications cited by the Examiner in 
connection with the '072 application: 

• Ling et al., HortScience 32:122-124 (1997) 

• Barcaccia et al,, J. Horticultural Science & Biotechnology 74 -243- 
250(1999) 

• Singh et al., Crop Improv. 25:15-20 (1998) (referred to as 
"Sukhwinder et al.") 

• Barker et al., Genome 42:173-182 (1999) 

4. Ling et al. concerns the use of RAPD techniques to compare the DNA 
of nine commercial poinsettia cultivars, which were from widely differing groups. 
Thus, the RAPD analysis of Ling et al. did not have to be robust to distinguish these 
cultivars. Singh et al., Barker et al., and Barcaccia et al. applied AFLPs to compare 
the fingerprints of cultivars from rice, willow and Pelargonium (geranium) 
respectively. 

5. Prior to the work described in the '072 application, it would not have 
been obvious from Ling et al. that AFLP analysis of poinsettias could distinguish and 
estimate genetic relationships among different cultivars. AFLP analysis had been 
used in other plants, primarily crop plants such as rice and willow as described in the 
Singh et al. and Barker et al. publications. Some recent work with AFLPs had been 
reported in ornamental plants including Pelargonium as described by Barcaccia et al 
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However , it simply was not known whether AFLP analysis would be able to detect 
sufficient mter-cultivar polymorphisms among poinsettia cultivars. Barcaccia et al 's 
work with geranium would not have been predictive with respect to poinsettia 
because the gene pools of these plants are distinct. 

. e f, t Poinsettia is an asexually reproducing species, with a narrow genetic 
base Most poinsettia cultivars have been identified by selection of sports or induced 
mutations. As a result, there is very little pedigree information available for 
SSSf^i t0 ,?u invention described in the '072 application, it was uncertain 
whether there would be sufficient genetic polymorphisms detectable by AFLP amono 
poinsettia cultivars. a 

7. Further , it was not at all obvious in advance that the polymorphisms 
and genetic fingerprints would be powerful enough to track the breeding history or 
pedigree of a broad range of poinsettia cultivars and that the different breeding 
families would have distinct and closely related fingerprints. One of the exciting 
discovenes that came out of the work described in the '072 application was the 
fP^-P 9 ! d,fTerences in tne AFLP fingerprints were reflective of breeding lineage 
While there is speculation in the literatiure about relationships, none of the cited ' 
pub ications (Ling et al., Singh et al., Barker et al., Barcaccia et al.) demonstrate this 
relationship between polymorphism and breeding history. 

8 The unpredictability in fingerprinting methods as applied to poinsettia is 
also evident in our work with microsatellites. We have tried to evaluate genetic 
Sim 'P s am ?" 9 P° insettia cultivars using microsatellite simple sequence repeat 
(SSR) analysis. Microsatellites are sections of DNA composed of repeats of short 
motifs (e.g., CA, GTG, TGCT, etc.) arranged in tandem. The sequence surrounding 
J??!? re9IOn ,S usualiy ^"se^d. allowing amplification primers to be designed 
so that the repeat region and a short flanking sequence can be amplified 
Polymorphisms are observed in the number of repeats present. 

9. Approximately 700,000 bases of poinsettia sequence were obtained 
from a genomic library constructed of partially digested 'Freedom Pink' DNA Using 
a computer algonthm, the sequence was scanned for the presence of SSR motifs of 
significant size to be polymorphic based on previous studies (Cardie et al., Genetics 
847-854 (2000); Alvarez et al., Theor. Appl. Genet 103:1283-1292 (2001)) The 
minimum number of repeats selected were 6 for dinucleotide motifs 5 for 
trinucleotide motifs, 4 for tetranucleotide motifs, and 4 for pentanucleotide motifs. As 
far as I am aware, no other studies have reported sextanucleotide motifs- the 
minimum number of repeats for this motif was set at 3. A total of 20 SSR motifs 
were isolated. They consisted of: 1 1 dinucleotide, 6 trinucleotide, 1 tetranucleotide 

i pentanucleotide, and 1 sextanucleotide. Primers were designed for 1 8 of the 20 ' 
SSRs; two of the motifs were near the end of the cloned insert such that there was 
not sufficient flanking region in which to design a primer. 

10. The plant material selected for evaluation consisted of 48 cultivars of 
poinsettia representing 12 of the major cultivar groups of color sports, as well as 4 
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other cultivars. These groups included Angelika, Annette Hegg, Celebrate, Cortez, 
Freedom, Gross, Lilo, Nutcracker, Pepride, Peterstar, Sonora, and V14 Glory. The 4 
additional cultivars selected were 'Winter Rose 1 , 'Pearl', Prestige', and 'Snowcap'. 
Duplicate samples of 2 cultivars taken from different plants were used as controls. 

11. Twelve of the primer pairs amplified a fragment of the predicted size, 
whereas the rest could not be optimized and either did not amplify or resulted in too 
complex a pattern to evaluate. The primer pairs amplified from 1-5 alleles each, with 
an average of 2 alleles. Three primer pairs amplified one allele. Six of the loci were 
polymorphic, with 2 to 4 alleles. Duplicate cultivars consistently amplified the same 
number of alleles. 

1 2. Statistical analysis of the data revealed a narrow range of distances 
and low resolution of cultivars and cultivar groups on a dendrogram (Appendix 1; 
attached). Shared allele distances ranged from 0-0.25. The largest distance, 0.25 
was between the: Hegg group and V14 Glory Red; V14 Glory PinkA/14 Glory White 
and Pepride Red, Winter Rose, and the Cortez group; Winter Rose and the Lilo 
group; and the Sonora group and the Lilo group. Many cultivar comparisons had a 
distance of 0 and could not be differentiated, as seen in the attached dendrogram. 
Some cultivar groups could be differentiated from each other and formed unique 
clusters on the dendrogram; Hegg, Cortez, Sonora, and Lilo cultivar groups formed 
unique clusters with a distance of 0. Other cultivar groups were divided or clustered 
with unrelated groups. The pink and white cultivars of the Celebrate 2 and V14 
Glory groups each formed unique clusters separate from the Red "parent" cultivars 
of these groups. The white cultivars Angelika White, Snowcap, Nutcracker White, 
and Pearl clustered together with a distance of 0. Finally, a large cluster with a 0 ' 
distance was made up of the Freedom, Peterstar, and Gross groups as well as the 
Angelika and Nutcracker groups minus the white cultivars. 

1 3. As the results described above demonstrate, the power of 
microsatellite techniques to differentiate cultivars was not evident in poinsettia, likely 
due to the narrow genetic base of this crop resulting from the methodologies used in 
poinsettia breeding programs, which rely heavily on mutation breeding and selection 
of sports. This finding is unexpected; based on the known properties of 
microsatellites, I would have expected this approach to have worked as well, or even 
better, than AFLPs in distinguishing poinsettia cultivars (see, e.g., Margante et al., 
Plant J, 3:175-182 (1993); Maguire et al., TAG 104:388-398 (2002). It is known that 
SSR markers tend to have a higher level of heterozygosity than AFLP markers due 
to codominance of SSR loci. In addition, SSR markers generally have greater 
somatic stability than AFLP markers. Finally, SSR techniques are typically found to 
be more technically reproducible than AFLP. However, from our data, it appears that 
the narrow genetic base of poinsettia lacks polymorphisms in the SSR loci. 

14. RAPD, AFLP and SSR markers are each distinct. RAPD markers 
detect polymorphisms based on hybridization of short primers to random locations in 
the genome, whereas AFLP markers detect polymorphic restriction sites in the 
genome or at least. polymorphisms in close proximity to restriction sites. 
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Microsatellites detect polymorphisms in the number of short tandem motif repeats 
that are present in the genome. RAPD, AFLP and SSR would therefore each detect 
a different subset of polymorphisms. The microsatellite data discussed above 
demonstrates that for poinsettia you must detect the "right" polymorphisms in order 
to distinguish among poinsettia cultivars. 

1 5. The narrow genetic base of poinsettia and the failure of microsatellite 
ana ysis to distinguish poinsettia cultivars indicate that there is unpredictability in the 
application of fingerprinting techniques to poinsettia, with each approach needing to 
be evaluated on a case-by-case basis. It therefore would not have been obvious 
prior to the experimentation described in the '072 application that sufficient AFLP 
polymorphisms would be present in the poinsettia gene pool for AFLPs to be 
successful in distinguishing and determining genetic relationships among poinsettia 
cuitiVcirs. 

16. f hereby declare that all statements made herein of my own knowledge 
are true and that ail statements made on information and belief are believed to be 
true; and further that these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment or 
both, under Section 1001 of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patent issued 
thereon. 



ames W. Moyer, Ph.D. / 
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Cortez White -] 4 
Cortez Red — * 
Writer Rose 
Prestige 

Sonora Jingle Bells " 
Sonora White 
Sonora Marble 
Sonora Red 
Celebrate 2 White ~] 
Celebrate 2 Pink 
Pearl 

Nutcracker White 
Snowcap 
Angelika White 
PepridePink ~j g 
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■ Pepride Red — 

■ Freedom Bright Red 
' Freedom Rose 
' Freedom Jingle Bells 
' Freedom White 

Freedom Pink 

Freedom Marble 
' Freedom Red 

• Angelika Marble-1 

Angelika Marble-2 

Angelika Red 
Angelika Pink 

• Peterstar Orange 
Peterstar Marble 

1 Peterstar White 
' Peterstar Jingle Bells 
1 Peterstar Pink 
1 Peterstar Red 
1 Nutcracker Pink 
1 Nutcracker Red 
' Gross Heirloom 
' Gross Darlyne 

• V14 Glory Red 

■ Celebrate 2 Red 

■ Variegated Lilo 

■ Lilo White 

■ Lilo Marble 

■ Lilo Red 

■ V14 Glory White 

■ V14 Glory Pink 

■ Annette Hegg Hot Pink 

■ Annette Hegg Dark Red-2 

■ Annette Hegg Dark Red-1_ 



10 



] 



6 



8 



12 



Dendrogram of 44 poinsettia cultivars and 2 duplicates generated with 
microsatellite data using shared allele distance and Neighbor-Joining clustering 
Brackets and numbers denote cultivar groups. Triangles denote clusters of 
cultivars with a distance of 0. 
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haploid [Gk. haploos, single]: Having only one set of chromosomes 
(n), in contrast to diploid (2n). 

hardwood: A name commonly applied to the wood of a dicot tree. 

Hardy-Weinberg law: The mathematical expression of the relation- 
ship between the relative frequencies of two or more alleles in a pop- 
ulation; it demonstrates that the frequencies of alleles and genotypes 
will remain constant in a random-mating population in the absence 
of inbreeding, selection, or other evolutionary forces. 

haustorium, pi haustoria [L. haustus, from haurire, to drink, drawl: 
A projection of fungal hypha that functions as a penetrating and ab- 
sorbing organ. 

heartwood: Nonliving and commonly dark-colored wood in which 
no water transport occurs; it is surrounded by sapwood. 

heliotropism [Gk. helios, sun]: See solar tracking. 

hemicellulose (hem'I-sel'u.lds): A polysaccharide resembling cellu- 
lose but more soluble and less ordered; found particularly in cell 
walls. 

herb [L. herba, grass]: A nonwoody seed plant with a relatively short- 
lived aerial portion. 

herbaceous: An adjective referring to nonwoody plants, 
herbarium: A collection of dried and pressed plant specimens, 
herbivorous: Feeding upon plants. 

heredity [L. heredis, heir]: The transmission of characteristics from 
parent to offspring through the gametes. 

hermaphrodite [Gk. for Hermes and Aphrodite]: An organism pos- 
sessing both male and female reproductive organs. 

hetero- [Gk. heteros, different]: Prefix meaning "other" or "differ- 
ent" 

heterocyst [Gk. heteros, different, + cystis, a bag]: A transparent 
thick-walled, nitrogen-fixing ceil that forms in the filaments of cer- 
tain cyanobacteria. 

heteroecious (hef er-e'shus) [Gk. heteros, different, + oikos, house]: 
As in some rust fungi, requiring two different host species to com- 
plete the life cycle. 

heterogamy [Gk. heteros, other, + gamos, union or reproduction]: Re- 
production involving two types of gametes. 

heterokaxyotic [Gk. heteros, other, + karyon, kernel]: In fungi, having 
two or more genetically distinct types of nuclei within the same my- 
celium, 3 

heteromorphic [Gk. heteros, different, + morphe, form]: A term used 
to describe a life history in which the haploid and diploid generations 
are dissimilar in form. 

heterosis [Gk. heterosis, alteration]: Hybrid vigor, the superiority of 
the hybrid over either parent in any measurable character. 

heterosporous: Having two kinds. of spores, designated as micro- 
spores and megaspores, 

heterothallic [Gk : heteros, different, + thallus, sprout]: A term used 
to describe a species, the haploid individuals of which are self -sterile 
or self-incompatible; two compatible strains or individuals are re- 
quired for sexual reproduction to take place. 

heterotroph [Gk. heteros, other, + trophos, feeder]: An organism that 
cannot manufacture organic compounds and so must feed on organic 
materials that have originated in other plants and ariimals; see also 
autotroph. 

heterozygous: Having two different alleles at the same locus on ho- ' 
mologous chromosomes. 

HOI reaction: The oxygen evolution and photoreduction of an artifi- 



cial electron acceptor by a chloroplast preparation in the absence r 
carbon dioxide, 

hilum [L. Mum, a trifle]: (1) Scar left on seed after separation of see 
from funiculus; (2) the part of a starch grain around which the stare 
is laid down in more or less concentric layers. 

histone: The group of five basic proteins associated with the chromo 
somes of all eukaryotic cells. 

holdfast (1) Basal part of a multicellular alga that attaches it to j 
solic] object; may be unicellular or composed of a mass of tissue- (2 
cuplike structures at the tips of some tendrils, by means of whicl 
they become attached. 

homeo-, homo- [Gk. homos, same, similar]: Prefix meaning "similar' 
or "same." 

homeostasis (ho'me.o.stf'sls) [Gk. homos, similar, + stasis, standing] 
The maintaining of a relatively stable internal physiological environ- 
ment within an organism, or a steady-state equilibrium in a popula- 
tion or ecosystem. Homeostasis usually involves feedback mecha- 
nisms. 

homokaryotic [Gk. homos, same, + karyon, kernel]: In fungi, having 
nuclei with the same genetic makeup within a mycelium. 

homologous chromosomes: Chromosomes that associate in pairs in 
the first stage of meiosis; each member of the pair is derived from a 
different parent. Homologous chromosomes are also called homolo- 
gues. 

homology [Gk. homologia, agreement]: A condition indicative of the 
same phylogenetic, or evolutionary, origin, but not necessarily the 
same in present structure and or function. 

homosporous: Having only one kind of spore. 

homothallic [Gk. homos, same, -f thallus, sprout]: A term used to de- 
scribe a species in which the individuals are self-fertile. 

homozygous: Having identical alleles at the same locus on homolo- 
gous chromosomes. 

hormogonium, pi. honnogonia: A portion of a filament of a cyano- 
bacterium that becomes detached and grows into a new filament. 

hormone [Gk. hormaein, to excite]: A chemical substance produced 
usually in minute amounts in one part of an organism, from which it 
is transported to another part of that organism on which it has a spe- 
cific effect. 

host: An organism on or in which a parasite lives. 

humus: Decomposing organic matter in the soil. 

hyaloplasm: See cytoplasmic ground substance. 

hybrid: Offspring of two parents that differ in one or more heritable 
characteristics; offspring of two different varieties or of two different 
species. 

hybridization; The formation of offspring between unlike parents, 
hybrid vigor See heterosis. 

hydrocarbon [Gk. hydro, water, + L. carbo, charcoal]: An organic 
compound that consists only of hydrogen and carbon atoms. 

hydrogen bond: A weak bond between a hydrogen atom attached to 
one oxygen or nitrogen atom and another oxygen or nitrogen atom. 

hydrolysis [Gk. hydro, water, + lysis, loosening]: Splitting of one 
molecule into two by addition of the H+ and OH"' ions of water. 

hydrophyte [Gk. hydro, water, + phyton, a plant]: A plant that de- 
pends on an abundant supply of moisture or that grows wholly or 
partly submerged in water. 

hydroxyl group: An- OH~ group; a negatively charged ion formed by 
the dissassociation of a water molecule. 
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nrov^^" baSed .^ e ^ rintin g technologies have 
proven useful in genetic similarity studies. RFLP is still 

*°2c,> 0mmOD ? y USed m the estimation of genetic 
o^ric^T SP 1™ S > but tbe recently devel- 
a Jd aft p. d mar ^ er techniques, RAPDs, SSRs 
™£ £ ?C ' - are P 1 **"* an increasingly important 
inhr^r investigations. Using a set of 33 maize 
inbred lines we report on a comparison of techniques to 
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. Howeve r, AFLPs were the most efficient 
marker system because of their capacity to reveal sev- 
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efficiency index was more than ten-fold higher for 
B apt? ^? mpared to 1116 other methods. Except for 
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marker m genetic similarity studies because of their 
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among ehte breeding materials has a significant impact 
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aata, from morphological traits or using molecular 
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basedS^ and . Smith 1992). In particular, DNA- 

m/nr^^° rpbj . snis w a Powerful tool in the assess- 

SSU^KS$ i,lrity between breeding stocks 

1«J2ik ^ crimina Vo n PO^ of restriction fragment 
2.P o^oiphisms (RFLPs) has been extensively 
studied m maize, as has their use in establishing rela- 
tionships with yield and heterosis (Melchinger 1993) 
W e l er> ^ a 5 e Several drawbacks to RFLPs that 
svstt? mUlated the development of alternative marker 
f5 Sp^ a e , q " ant ^ e t ? f DNA are in fact squired 
2?H«5r ♦ ^y^ wluch is cosUy, and the technique is 
automate - Moreover, it requires sizeable 
laboratories and specialised equipment 

be e n^ US P ^; based marker techniques have recently 
been successfully mtroduced in the fingerprinting of 
plant genomes (Welsh and McClelland 1990; Kefsel 
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an assay efficiency index (Ai) was calculated. Ai combines the effec- 
tive number of alleles identified per locus and the number of the 
polymorphic bands detected in each assay as Ai _ Ne/P, where Ne 
is the total number of effective alleles detected and P is the total 
number of assays performed for their detection. 
A r?n I enetic Panties (GSs) from RFLP, RAPD, SSR, and 
AFLP data were calculated among all possible pairs of lines using 
the Dice similarity index as in Nei and Li (1979). The co-ancestr? 
coefficient, /, between lines related by pedigree, was calculated as 
previously reported (Ajmone-Marsan et ai 1992). Cluster analyses 
were based on similarity matrices obtained with the unweighted pair 
group method using arithmetic averages (UPGMA) (Rohlf 1990) 
and relationships between inbred lines were visualised as dendro- 
grams. For each dendrogram the co-phenetic coefficients between 
trie matrix of genetic similarities and the matrix of co-phenetic 
values were computed using appropriate routines of the NTSYS-pc 
package. The significance of the co-phenetic correlation observed 
19^7) U5m8 MantCl matrix corTes P° ndence te st (Mantel 
The bootstrap procedure was employed to determine the samp- 
ling variance of the genetic similarities calculated from the data sets 
obtained with the different marker systems. All data, irrespective of 
toe dual or multiallelic nature of the marker system, were scored in 
tne lorm of a binary matrix. For each pair of inbreds, the Dice 
similarity index (GS) was calculated from the 2000 random sub- 
samples at different sample sizes (10, 50, 100, 150, 200, and all bands 
when the total exceeded 200). Bootstrap standard deviation esti- 
mates were based on 2000 samples. The calculations were performed 

S3 Instole ££° " B °° r ' (JaCkkDife Md BO ° tStrap 



Results 

Levels of polymorphisms 

The 33 inbred lines were surveyed with the four differ- 
ent marker systems. All of the molecular markers were 
able to uniquely fingerprint each of the inbred lines. 
The levels of polymorphism detected with each marker 
system and the index comparing their informativeness 
are reported in Table 1. The total number of assays 
ranged from only six primer combinations for AFLPs 
to 53 probe/enzyme combinations for RFLPs. The to- 
tal number of polymorphic bands identified ranged 
from 90 for RAPDs to 253 for RFLPs, An average 
number of 4.8 alleles per locus, with an aver age. effective 



number of 3.2 alleles per locus, ranging from 1.2 to 6.5, 
could be distinguished for each probe/enzyme combi- 
nation using RFLPs. This value increased to 6.8 with 
fcbRs, with an average number of effective alleles of 4 4 
per locus, ranging from 1.1 to 6.6, while for RAPDs and 
AFLPs these values were lower (1.6 for both). This was 
reflected also in lower expected heterozygosity values 
r ^Sr 1 ?? h i ghest assa y efficiency index was observed 
J?* AFLPs (61.9) and the lowest for RFLPs (3 2) 
RAPDs and SSRs (5.8 and 4.4, respectively) were com: 
parable to RFLPs. In particular, for AFLPs the high 
assay efficiency index is due to the simultaneous detec- 
tion of several polymorphic bands in a multiplex ampli- 
fication per single reaction. 



Genetic similarity 

A summary of the genetic similarity estimates, cal- 
culated for each marker system, between pairs of lines 
of the various heterotic groups is shown in Table 2 All 
marker systems indicated that lines of BSSS origin were 
more similar in comparison to inbred lines of other 
heterotic groups. The mean value of the GS estimate 
was, as expected, lower for BSSSxLSC crosses than 
within the BSSS and LSC groups themselves. This is 
consistent with the common practice in maize breeding 
of preferentially developing hybrids between heterotic 
groups because they are expected to perform better 
than those from crosses within heterotic groups The 

?S?5? ty ranged from 092 within LSC types* u smg 
AFLPs, to 0.00 within BSSS x miscellaneous types, us- 
ing SSRs. The estimates of GS follow the same pattern 
across marker systems, i.e. higher estimates of sim- 
ilarity within the BSSS types and lower estimates 
within the LSC x miscellaneous types. Overall SSRs 
revealed the lowest similarity values and AFLPs the 
highest. 

The genetic similarity trees produced from each 
marker system are presented in Fig. 1. In these trees 
inbreds were ordered as expected, though with 
exceptions, into the major groups BSSS and LSC. 



£Cd ° f P ° lym0rphiSI11 aad C ° mpariSOn ° f ^tiveness obtained with RFLP, RAPD, SSR and AFLP markers in 33 maize 



Number of assay units 
Number of polymorphic bands 
Number of loci 
Average number of alleles per locus 
Expected heterozygosity 
Effective number of alleles per locus 
Assay efficiency index 



Marker system 
RFLP 



RAPD 



SSR 



AFLP 



"Theoretical maximum number of loci 




BS«»iT^ miscellaneous ongins. Considering the 
CSft- ■ ewptl0n of Va22 > a Kne derived 

considered Tl S , S lmeS ( althou gk Oh43 is usually 
bMedSTrt^"* 81 ? type * Snarly to the RAPD- 
ed a t^ee ******** on AFLP data prod U ° 

values 5et^ een th? tlVCly ? am>W ran S e of hilarity 
paiYs of r mo . re - r elated and the more-distant 

« sasar^iSSir 311 * e ma * ciusteS 

LoQ^t P ^°^ Very similar mbreds (B14 A Cml09- 
adSiona7?a7esLS r mark ^^ tems ' wMe in «« 



Comparison between marker systems 



a^aUablfS 11 , * °/ correlati °n coefficients (rs) among 
ESIosrS?^ Efficients (/s) and genetic sm^! 
I^PDs?hoJ^ rt W ? re significant (P < 0.01). 

(r = 0.57 and 7- n « • Intermedia te values 



ai^f and SSR, and RFLP ar»H «m in. . J 

ir • a: more simi lar" lines with GS > 0 37 n «H 
less similar" lines with GS ^ n iTwfu °- 37 . and 
that ~ 1- . < °- 3 'J> it became evident 

teat the genetic similarities estimated bv different 

TOrS °'f «>« depicted to the tree, mcJ«2J 

correlation! ( } Say P roduc mg the lowest 

Ime^aTtiSft^o 1 ^^ all 33 inbred 
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0.35 




0 50 100 150 200 250 300 350 
Number of bands 

K te£°l£! e - ss £ d P bootstrap sam P Bn s ° { e ene ^ 



AFlp i V^w"' genetic similarities based on 
dSr^ft ^ had L he 111811681 correlation with pedigree 
data, while those based on RAPDs had the lowest one 

Bootstrap analysis 

ItiJ^^T^f sam P Hn g bailee of genetic similar- 
ets SnV f Cd fr01 ? d - ifferent Secular marker data 
sets bootstrap analysis with a declining number of 

beTof L a nT rf0 r. ed - 1116 relatio **ips between nunl 
S™;££ and the sampling variance of the genetic 
n^t^l 31110116 J? P3irs of W™ 1 line s for each 
abov" IfoW? m Fig " 2 71,6 results ^dicated that 
above 150 bands there was a diminishing return in the 

SS^Svi i aDds moves below thresholds the 

S^5?£i5SL to increase (and ~ 



Discussion 

i» t th ? ?f Per We have shown tha t the number of alleles 
b J- SSRs is ^ in comparison to 
Soected ^ leVd of P^orphism is to be 

expected because of the unique mechanism responsible 

£i nS?? bv rephcatio P n shpp 

e t te l aI - 19 *Q- " is also known that when SSRs 

r?v7aled the m ?K Cd V °* er marker svstems ^ have 
?™£v ft' l6Vel 0f P°^orphism {Wu and 
S T-rL * Mor S ante et al. 1994; Powell et al. 
i»vo). me present data indicate that on average SSRs 
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RAPn?°" f ? d C° re mfon °ation than AFLPs and 
It^ fi' aDd u° /o more intimation than RFLPs 
when the number of alleles per locus is the target 

eta? iSTS? ^ > P l evious Nervations flicker 
«. • ; -T' lowest degree of polymorphism was 
associated with AFLPs. Conversely, the Sorption 
measured as the assay efficiency index whftfcSSS 
with the number of effective alleles identified p« assav 

thf oT 6 thaD . teD - fold highcr for AFLPs compSo 
^ J ^^s are in good"gree° 

SSidSSST I emi P lasm c^ried ouTm 

several crop species (Lu et al. 1996; Powell et al 19961 

L^t^T 1 ^-^ SSRs are capaWe of S; e S 

&^SLJ^? 1 t 0f t , ?f ,I ^? 0,l dngIe markcr and 
nSL« • ■ B , Ct 1216 111811681 number of Polymor- 
SEVL "-T? 6 assav - This assay effi£cy 
index is a reflection of the efficiency of AFLPs to 

K t h?, eOU 1 ly T*" a large ^umbe/of bands rathe? 

ine assay efficiency mdex for SSRs can however he 

SXJS? 7 * mUltipleX PCR and ge?run2g 

lie *W 6 ad ° ptedl Where several microsatellitef 
Ss?na™"i t t aile , OUSlv a amp,ified ^ co-electrophoresed 
et S 8 !^ w 10 " fluoresc ent technologies fUndqvist 
' Hey f£? t n aL 1997 >" A ° additional advantage 
nSf ° Ver A J L ? S is onl y relevant ^en mapping 
ffiSET ^ dCn r d from ^crossing hetero^gouf 
individuals, where the multi-aUelism of SSR markers 

rthT s D SL nuniber of informative """^ • 

markers compared to the binary AFLP 

thPt 16811 !* 8 / 110 ^ 11 by genetic similarity trees indicate 
JSStlST % RAP ? S> they 316 W similar. £ 
? eCS fr ° m thC8e mole cular methods agree 
fllSv P." T 1 ^, ^ btained from P^Ksn* data. SL- 
amSTpn f ° Und the lowest correlations 

sSct ftw k S ^ ° ther marker svstems - In this re- 
32 » J ^ I 611 Sh °- Wn 11131 RAPD analysis, based on 
tne use of random primers, is likely to suffer from a lack 

and H^^oo 1 ] 7 ^ t° annealing (Neale 

^iw ^, r" 4) - ^ the trees obtained from cluster 
anaiys s, all hues with defined affiliation to one of the 

clusterV t ;-n S I OUpS WCre ^ igned to their specific main 
K™' ln , agreemen t with the available data for maize 

and nnni S 2 * 1992 ^ Livil " * al- 1992; Mumm 
5 y 199 ^ Smith et 199? )- A second observa- 
S^f mthin the clust ers, the grouping of more 

?2 relat f d U °es does not match^recisel? wit?°he 
expectations based upon pedigree data. Differences 
among marker techniques in grouping genetically more 

tr~J£ 9 \ 0tht J studi es in Brassica and from pea 
£££ t DS Sh ° W that molec "Jar marker-based similarit- 
Snte J eCS We f e vacantly correlated across a wide 
kE« ° f . geim P ] asms (Thormann et al. 1994; Lu et al 

e2?'in^ a , n / P ° ten , tia J ^ eaSOns for discrepancies 
exist, including underlying assumptions in calculating 
pedigree data (Messmer et al. 1993), genome sampSg 
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£ ei i 19 !,V nd the numbers of markers or probes 
employed (Trvang et al. 1994) P 

IS r S Mt ^ ? M 156611 shown to vary from 15 

nnHrmc t\7 h UU ^L-P clone-enzyme combi- 

WS^SSSL^ 199 \ Simflari y» ^ang et aL 

a RFLP da£ S S? m ^ &e SampIin S variance of 
k««h- .J? m maae > foun d that the number of 

S P ObTely - 0ur results the bootstrap 

procedure suggest that 150 bands are sufficient for 
reliable estimates of genetic similarity. Ac«SS £e 

SlTc^r^ that couId have btSSSdfa 

were 30 y 40 H „ a Predsi ° n fa the estimate 

2TV • done-enzyme combinations for RFLPs 
40-50 primers for RAPDs, 20-30 primers for SSRs 
and 4-5 enzyme combinations for AFLPs Based on 
these estimates, the disagreement of the RAPD results 

SS3db^ t0 - the ^? tt typ6S °f-arke1fmight be 
explained by the insufficient number of primers used 
In conclusion, the results of this study indicate S 
e «eption of RAPDs, the other DNA markers 
ficS mfomation { °r germplaSnTden " 

SSR anrf f ^ gree ^ alidation - We ha ™ shown that 

iiaw^r 2 replace RFLP markers in genetic sim- 
h^iS™^ , Md Vari6ty Option, and that ttey 

to aS.lv y P^Srw. They are generally much simpler 
maSSS? ™? m ° re Sensitive than traditional 
SEptaE"! . bi ? che ^^ methods or the 
K*LP-based fingerpnnting techniques: yet they nro- 

A rl^l Correlated with those from RFLP ^analyses 

thaTXv a c^ n ; age ° f the SSR *n* meflSTt 
£ mStfS r C automated - While SSRs, thanks to 
suXdfcSSS ehs , m . and co-dominance, appear to be 

aS'ivS^ 111 th t ir high multi P lex rati °- o ff « 
foSfdue tn tl Dtage When genome covera S e is a ma- 
such m i^nhr^r P 1 ^ 5 ^ of linkage disequilibrium, 
sucn as in inbred lines and breeding materials 



Ministero ddtolffiJn* liSl a I?" ?™ su PP° rte d by 
Italy, special mnfpZ* f^ entah e Forestall, Roma, 
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References ~ 

Ai ^7^^'^ Q Messmer MM, Melchinger AE, Motto 
38: 259-264 m mauE Senetic analysis. Maydica 



A W9«^;? ,t ^ ioai Fusari F ' Kui P" M, Motto 
mancr ,2 ™? re , lty Md its Waltaiuhip to hybrid perfor- 

^sSpifS^ Sfi"?' ^ P^orphism 

132:U3M139 ^ A fa s °y abean - Genetics 

Becker J Vos P, Kuiper M, Salamini F Heun M r™!,' j 

mapping of AFLP anrf Birr nTT , ' . ™ . I 1 *!") Combined 
249-65-73 markers ln barfc y- Mo] °en Genet 

°S^a was 

M^Si 1 ?: "^"J?' distance against 
733-737 ,artct -P°P ul t"o in Popu/uj. Theor Appl Genet 93: 

Maydica 42 -133-142 (RAPD) m aisai mprovement 

^pr^G^Dudl^TJ?^ (1988) C ° m b ™""Z In: 
3rd e rfn a!.' w y ^ (eds ^ Corn and corn improvement 

wtS^sA^ 10 " 051 18 - ^ CSSA - - «mTmS5 

ntem^tf v P 9 ?^ probabilities of 22 bovine micro- 

(1997) NeW e r m o Iec ular technologies for biodiversity^ ev^lu 
U.625-62f 0rtUaitieS ' Dd Nature "Lclnol 

Ke 0ch ° a °i Miche I™ore R (1994) Variation of RFLP loci in 

^AgloL 1 S? a 2& Bid - Md PIaat breB ^ Pr °^ Adv 

LU hota F A ^ Maen n USS0n PK - Balciuniene J, Wadelius C Lind- 

^ flS&SS"!? 1 P '. Mek * in « er AE, Messmer MM, Motto 
amons hiter^T, dlVerS,ty of fflaize ^red ^ within and 
amongteterotic groups revealed by RFLP. TW Appl Genet 

L Vnff°*. MR ' Ambrose MJ . Brown JKM, Ellis THN (19961 

1103-111? PCR " based ^ods. Theor Appl Genet 93: 

M tf^'? 7) The det u CCtion of disease Mustering and a generaliz- 
ed regression approch. Cancer Res 27: 209-220 se neraJlz - 

reSf^^ (1 " 3) ^ ° f RFLP of genetic 

7W3) Re^^^ 86 ' AE > Hcrr^ RG^B^eier J 
(1993) Relationship among early European make inbreds 

3^:<Sy a ° f Pedigree and R FLP data. Crop S d 

Mi SSl^°r Ch ,?' Je " tCr CA - Hernandez CJ, Szewc-McFad- 
WdTJJ? 97 > t A Ppncation of multiplex PCR and fluorescence- 

Morgante M, Rafalsky A, Biddle P, Tmgeyt OUvieri AM fl9941 

quenre repeat loci. Genome 37:763-769 
M X?,% ™ (1 ," 4 ) A dassincation of 148 U.S. maize 

WW51 UStBr analyS,S based on RFLP^- Crop Sci 



Nei vr n Qz-n \/r Y ~^ • AgiJiotech News Inf 6 : 107N-1 1 4 M 

pt ( s'r^ 

Sci USA 76:5265^-1273 ^nucleases. Proc Natl Acad 

^^eSn^^ftr M (1997) and 

po£r£ir ^ ^o^si^ w Norway spruce 

T^%ffi^i^ dre 9 Han-fey M, Voge! J, Tingey S 
SSR (Jcnkt?mJ^?T Pa ? SOD o{RFLP - RAPD. AFLPand 
2:22^3? te) markBIS for 8=nnplasm analysis. Mol Breed 

"IS "JgS 1 2^ T ™^ J"*^ and tnultivari. 
NewYork * ^ VerSK>n LS0 - E « ter Publications, 

RU R gSSJSr ^ * Hatz B °- A, Powell W, 

among bariev ?™ ™ c ° J mpanson of IeveIs of genetic variation 

ing genetic sinularity a^on/s^f °^<= markers in determin- 
^eorApplGener 8 7:Kl5 L " S^ 1 ***- 

X KzS&S* (1 " 2 > crop varieties. Adv 



1255 

Genet 95: ?6M73 FLPs Md pedi8ree - ^WAp^ 

Tautz D (19m m m4ize - Genome 39:277-287 

^F£8ZS£1&i iff seq r * - a « 

17:6463-6471 markers. Nucleic Acids Res 

genetic relatiomhio wTthif^ marker, to estimate 

Appl Genet sT&^T 11110,18 Cruciferous TT.eor 

T tS2^£S^ , ^ M 1 W Random ampiified 
Tneor A^plG»ef 8 ^97o*J 8 T C relab0nshi P fa barley. 

FrijtSWtfp^ W"" M <7-?= ^ T. Homes M, 
a new technique fcTSSrA ^ mperA ?> M (1995) AFLP 

23.-4407-4414 1 fingerprinting. Nucleic Acids Res 

W (S) ^^^S^S K^ir^gey SV 
£25 JX£S JESS'S "^A-fi-J I-S5 £ 

WuK- S ,Tanfare7sT^93?Ab^d^^ a . ' 1S ^ S3 ^35 



Theor AppI Genet (1997) 95:714-722 



Springer- Verlag 1997 



«. tr. Hatz • A. Jahoor ■ W. Powell • R. Wangh 



Direct comparison of levels of genetic variation u , 
detected by RaPs, AFLPs, sJXSSST * ^ 



d?e4S? S ' AF1 ^ 31111 SSRs ^re used 

vated W &e gC ? etic relat ionships among 18 culti- 
pSLe i,L aCCe ^° nS tht ***** compared to 
RfLn ^ where these were available AU 

eacf of t ^ r ° aCh ^ WCre able to ™*<P«*y nnge^rim 

amount rfoSSTT ^ fOUr ^ 
Ssr ™° Polymorphism detected. For example all 13 

SSeTSf^ ^P^orphic, with an average of 5 7 
alleles per primer set, while nearly 54% of the frag 

f 1VBrSlty lndex was observed for AFLPs 09T7? 
and the lowest for RFLP (0 32?\ pw^Ci iy.- yJ7 ) 

£o-Tow ffi 2^ 311(1 ^ df ta^ith th" 
Onlva^n ty P es / oimin g an intermediate group. 

Sd RFlST- 1 '^ 6 com P^ons between AFLPs 
SuesSSf thS Same order - SSR * had the lowest 
2S T n c0mpared to me oth ™ three assays. lS 
^ tecwt SCUS r ed ^. tenns of *» choice of appropri! 
e^aluafon 1087 ^ «* t«WEi 
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B. G. Hatz • A. Jahoor 

J-SSSfSSso Fret- hen w^ hrStUhl PWnbau 
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barieWKni P^ts to be domesticated 

S^T eBm UM/ffa '' e L ) rema ms one of the most 
important crops today. Ranking fourth in worid £?e 

cfor, S y K USCd for human consumption,^ a foSr" 

comprise ■ over *° th ,° I CnUS ^ eMW » 

Dloid «f ° , 2 S ? 6Cles ' mcl uding diploid and polv- 

^JST^S^ ^ w ? c V re * read 

three L,,'^ • . e S enus can be divided into 
hSroS , ^ aryi ° g ™P° rta ace to cultivated barley 

ffiSSS 25 pnmary senep ° o1 ( *- w 

gSool rl ^P- W^m), the secondary 

otoerww ' bulbost f n \ the tertiary genepool (all 
other a>rd eMm species). Presently more flian 250 000 

S^S'S'tr hel 2 - ^nebanlcs'Sgn 0 
1993 wM. the number is increasing (IBPGR 

a nS'd^o?. S i 0Wth ° f the gennplasm collection 
effS/ P roced ures which will allow their more 

hoTsSl^^J^ ' C ° re Collection^on^pt 

a lhnLTset^f i^^f h i h °.^ d provide users 

hppn o~„r v° r °wn Recently this concept has 

fflCa^Sn^ barl 7' and ^ Barle y Core Conectfon 
c o nsi stmg of a limited sample of accessions 

1992) SenUS ' WaS estab lished (Hintum 

rin^ c i oUection s. morphological data are the Drin- 

Ss?oTs^,Tw^ C \ haVe bSn used to dSaiffte 
ST»?L ?n,h * e deveI °P mf »t of molecular 
S, a " d their many perceived advantages, it is 
cruaal flat these techniques are applied to assess 
genetic diversity in germplasm collections m ?X 

cLS^Lwe refiDe ^ ^^hologicSl-bLtd 
ofmoSw However > . ln recent years, the number 
are m hi= ^ W availa ble for appUcation in this 

£S« Tn rS? 5 - 6 ? d ?«»tofly. with each method d£ 
2„ ° Pnfciple, m application, in the type and 
amount of polymorphism detected and in cost Ud time 



requirements. The approaches include restriction frae- 
ment length polymorphism (RFLPs; OBotstein et al 
WW), random amplified polymorphic DNA (RAPDs- 
Williams et al. 1990), simple sequence repeat polymor- 
phisms or mjcrosatellites (SSRs; Tautz 1989) and Am- 
phfied Fragment Length Polymorphism (AFLPs- 
Zabeau and Vos 1993). 

Faced with this wealth of marker technology it is 
appropriate to determine if the same patterns of varia- 
bility are revealed by each and whether the observed 
molecular diversity reflects either co-ancestry or mor- 
phological classification. To address this we have 
evaluated and compared similarity measures obtained 
from the four above systems on a set of accessions 
which are representative of cultivated European barlev 
germplasm. This has allowed us to compare the results 
obtained from molecular analysis with each other and 
wito pedigree information. The results are discussed in 
relation to the overall genetic diversity observed and 
the features of the individual assays 



715 

Marker analysis 
RAPD 

n^ > # lnplifiCationS **** Panned as described by Barua et al 
khMwT {""S WW ? ^P^ted °° 1-5% agarose gels, stained with 
SeT %Z ' ^"^1 with ultraviolet light' and p™ 
t ! pre ? MCe or absence ° f Polymorphic bands were 
S a T ^ ^f 18 ' which were Poly^orphicbetweeTae par! 
Kudy P 8 * SPm,g ero " C Ble ^- and E224/3), were used in 



RFLP 

GraS^ S"r7S?i d 5!Sf d acc ° rdin S to *» ^tocol described by 
Wfilmflr^rl^ ^ ^triction en- 
Se^S'^ ™ J"" M"^' 3116 Action fragments were 



Materials and methods 

Plant material and DNA isolation 

« s^P,^ 3 ' 0118 , ( T able ^ "Plating the majority of an- 
m«Jw? 2 omc DNA was isolated from fresh leaf material by a 
(«S) ° n ° f the method described b > Saghai-Maroof etal 



SSR 

J«»h« UI !? CS Of J silnplc seo - uen « repeats were used in this study 
genomic hbrary. The 6 database-derived SSRs are described in 

d<S«! P « hCa ^° n b £ Becker 3011 Heun ( 1995 )" TT» 7 library? 
derived SSRs are described by Macaulay et al. (in preparation) SSR 

3 W6Te p ? fonned - described by Morgante et al (1994). Allele 

a^ M13 DNA etennined by the most intense hSd™ 

an M13 DNA sequence marker. 



Table 1 Pedigree information 
and country of origin of 18 barley 
accessions used in molecular 
analysis 



Cultivar 



Pedigree 



Spring type, two-rowed; 
Aramir 
Beka 

Golden Promise 
Grit 



Hora 

Krona 

Triumph 

Union 
Volga 



Volla x Emir 
Bethge Xffl x Kniefel 

^™f^ fr ° m Ma ? hor P* (W* Goldthorpe x Maja) 

Sitot^i -v I-Umon-46495-Diamant 14008 

rSi^^^S^ 1206 Nacktgerstex Volla) 
^implex cross including Triumph 

KS^ X1X ™ * 14 ° 2964/6 > * ((Alsa x Abyssinian) 

(Weihenstephaner Mehtauresistente II x Donaria) x Firlbecks m 
Complex cross with eight varieties ' " 



Winter type, two-rowed: 

5?* . , (M^ta * Carlsberg 1427) x Insrid 

Mannka (Alpha x SVP 674) x Malta ^ 

tsr risssst' 4622/73 x * s ° nja) 

Winter type, six-rowed: 
Borwinia Vogelsanger Gold x St 7246 

^Press Roburx Athene 

535 ffiSr X SCDta) * PUTa X D ~> * ganger Gold 

Rondo Tanaroo x Sisfor L. 90 



■NL, The Netherlands; F, France; GB, Great Britain; D, Germany; T, Italy 



Origin 3 



NL 
F 

GB 
D 

D 
D 
D 

D 
F 



D 
NL 
D 
D 

D 
D 
D 
F 
I 
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AFLP 

Brirflv m** r WM essentia,1 y ** described by Vos et al (19951 
Selective .™^-£^f mphficat,on ste P usin S non-selective primers 

(PAGE) visiLliJ^i k ? ^- P«*«»3*aiide gel electrophoresis 

S££ Ssr^ 311,1 manuaJly scorc?for *• 



Data analysis 

Diversity values were calculated for each locus as (1 -2 fl» where riM „, . ., . 

2obe/e^ hen0tJ ? iC ^ BqUenc y for ««* assay unTt ^Ps! Gene tlC Similarity 
AFY P / S! r COmb u 1 ? ati ? ns : RAPDs-primers; SsVpri-^pS- 

ins to Nri » n !f i - ««,T AT Y enaon 531 software package accord- 
Si™,;?^ t S (1979) estimate °f similarity. Similarities were 

mSIwo Stf^ff c °-^i„ate plots (Ke^ptonZ 
w^-itoi iy»u;. correlations between assays were calculated u«inir 

SB&S^T 1 ° n * e ctorS 

OS valu^ rankC0ITeIati0n < SR C> linear regression offce 



RAPDs were intermediate with 83.2% and 66 3% re 

5ET5: ^ b - fids scored being 

STorvrT^ Wlde 1 Ration in the average number of 
Wtn RFLp7 e fi ed b ^ each u m ^er system (Fig. 1). 
mtn RFLPs, for each probe/enzyme combination 
an average of 2.37 genotypic clashes could b & 

y S 2 J? nmer com binations were able to dis- 
cnrninate between the 18 accessions used This is 

AFLPs rt^ t lndCX ° bserved *»■ 

RAPn. ( ?, JL and the lowest for RFLPs (0.322) 
S^Sh^ 88 * - (0-521 and' 056* 



Results ~ 

Fingerprinting 

All of the molecular approaches used in this study were 
?arU a r, qU - 6ly finger P rint ^ of the 18 cultivItS 

varied f^TT' ^ t0tal number of assa y «*■ 
varied for each marker system from only 6 primer 

combmations for AFLPs to 144 probe/enzyme SK 
b^\r T *F LP8 V* 1 * 2). Similarly, ttanumbS of 
RFT ttJ 6 raDged from 70 for SSR s to 299 for 
aWrii Ji«F erCen i age of P ol ymorphic bands for each 
For , 0t co, 7 elate *o total number of bands 

IwrW, 8 * 70 bands were scored SSRs 
onTc IrTn th / 10 ™£ number " but all 70 were polymer-' 

SyiSso/ 11 ^ 297 AFLP baDds Wcre sc °«<Tand 
only 46.8 /„ of those were polymorphic. RFLPs and 

1*}!%} Analysis of the RFLP- 

RAPD-, SSRs- and Marker 
AFLP-generated bandine 
patterns 



s^rin^r - d . barley gene P° o1 can be ^ded into 

Sfo^dT" types - ?» winter barIe y s are 

I -£ -f ^ can be divided wto two- 

and srx-rowed types. The spring barleys are min v 

sirn5arirv mal , t,nS - ™? ma *™™, minimum and mea? 

r^row^nH 68 bet ^ Cen Ae barIe y s 
sv£r°T "? SUC "i°^ Wmter barIe y s for each assay 
0 9?^fv Sh ° Wn TaWe 1 ^ Parities ranged from 
0.97 within spnng types using AFLPs to 0.45 within 

SIS T ^ tyPeS ^ **** Bet ween assa^ 
te™ . the «^ nates . of Parity followed the same pat- 
Si J' 16 r estunate s of similarity within the spring 
SSRs - a V^ PS = °- 843 ' AFLPs = 0 P 924 8 

™tw , } , and lower estimates within the six-row 
S - 0%ti m vT : = 0 - 70 ' AFLPs = 0.8™ 

were faSSS-^? 68 tw °- row ^ter types 
Srent tC - ^ f^ation with RAPDs was 

wZT ^ Spnng and s "- row ^ter types exhi- 
S,^ 1 " mean Parities (0.879 and 0.897 
respective y). Overall, SSRs revealed the lowest sim- 

(W7-0.^ UeS (0 - 93 -°- 45) aDd AFLPs the SgSSt 

Fo™ aC ? SS j°° S can be traced t° common ancestors. 
For _ example, Gnt and Triumph have Union in their 

wotS e ^ f d K - nab « Triumph. Our expectation 
would therefore be that these 4 accessions should be 
closely related. Table 4 shows the genetic similarity 




AFLPs 



0.521 
0.566 
0.937 
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2Ut£ fiSRS ^c^ASS^ content ob - 

SSf^S^^ 008 ° f these 4 acc ^sions with 
SSRs thl ! mo t I . ec ^^ays. With RFLPs, AFLPs and 
SSRs the genetic similarity values were higher than tie 
mean values for all the spring types, and the hShS 

SS r£ ™; i T s w a97 l Fr r^ e pedigree informa - 

uon m i able 1, Triumph and Grit share a number of 



wK ^ dUdlDg - Ul H 011 ' Diamont Md Ha dm. 

thnn t£r ' the genetic similarity values were less 
than the average, although the Triumph and Grit corn 
panson was again the highest 

vaSfJT DetiC S ? miIarit * vah ** for the two-row winter 
JfSS? lntermediate between the spring and 

aonja and Romanze were more similar than the other 

finlX Z n n^2^ es values of 0.84 (SSRs) 0 93 
(AFLPs), 0.89 (RFLPs) and 0.94 (RAPDs). This JL not 



s^g't^^^ RApD .„ ^ ApT _ 
k^x-±*. RAPD, SSRs and AFLP data for winter and 



RFLPs 



RAPDs 



Max Min Mean Max 



AFLPs 



SSRs 



93.0 
89.0 



Spring 
Two-row 
winter 
Six-row 85.0 
winter 



76.0 
81.0 



Min Mean Max m£ MelT Max" 



Parentage 



84.3 
83.8 



95.0 
95.0 



84.0 
86.0 



87.9 
91.7 



97.0 
93.0 



88.0 
98.0 



^ Mean Mai Min" Mean" 



60.0 70.0 95.0 88.0 



9Z4 
91.0 



93.0 
84.0 



66.0 
56.0 



89.7 91.0 81.0 87.7 



8Z9 0.330 0.020 0.133 
71.3 0.290 0.100 0.212 



90.0 45.0 65.7 0.350 0.000 0.111 
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Table 4 Genetic similarity values 
for the comparisons of 4 spring 
accessions with each of the 
molecular assays 





, Grit 


Krona 


RAPDs: 
Grit 
Krona 
Triumph 
Union 


100.0 
88.0 
90.0 
88.0 


100.0 
85.0 
88.0 


RFLPs: 
Grit 
Krona 
Triumph 
Union 


100.0 
85.0 
93.0 
87.0 


100.0 
88.0 
87.0 


AFLPs: 
Grit 
Krona . 
Triumph 
Union 


100.0 
91.0 
97.0 
93.0 


100.0 
920 
94.0 


SSRs: 
Grit 
Krona 
Triumph 
Union 


100.0 
84.0 
97.0 
69.0 


100.0 
87.0 
70.0 



Kr°na Triumph U n i on - Maximum Minimum Mean 



100.0 
84.0 



100.0 
86.0 



100.0 
94.0 



100.0 



100.0 



100.0 



95.0 



93.0 



97.0 



84.0 



76.0 



88.0 



87.9 



84.3 



92.4 




une^erted as the co-efficient of parentage values were 

£ ™ b fT ( °- 290 for Son j a * R° man ^ comp^ to 
the mean for two-row winter type of 0.212). Both Sonja 

vS,S« 'u P edl S ree - ^ ] owest genetic similarity 
values were observed for comparisons with Rondo. 

Genetic relatedness 

r^ S rSS° nS am ,° ng 18 acce *si<>ns were revealed by 
ESt^f 6 ^ CoA > CFS* 2). The 

ated the l£? C °^ bine L d ^ < 775 ban ds) dearly separ- 
ated the winter from the spring accessions. Among the 

foSSl ^• the two - rowed ^d six-rowed vanities 
tZS™f- d ?^J» mps > ™ th the ^o-rowed types 
skS£T mt ! mediate ^ouP between the spring and 

RfTpoooT^V 3 ^ 8 - In PCoAs generated by 
RFLP (299 bands) and AFLP (297 bands) data, a sim- 

iZf^ SmCnt Was otaerveiFrom the Wd d£a 
Jn^tf 810,1155 were observed, although the 
SSLX 08 WCr f m ° re di W e i Only a small group 
Jw?Sf ^ ? Justered together using SSR datj and 
rwo-row and six-row winter types were again more 
d = d. On all of the PCoaS, Rondo Tpea" L 
a remote position. In addition, 'Volga', a spring variety 

S£SSf£t55£ * e rest of *• spring and t£ 



(PR), linear regression of the pairwise GS values (LR) 
llr £l a -T an rank corre Iation (SRQ. The results for 
axe (which compares how each system ranks Dairwise 

SSTi T ^T? iD Table 5 ComparfoSg 6 
Sh °T ed tte same g eneral trends although 
the overall correlations were lower. Over 70% of the 
pairs of genotypes were ranked in the same order with 
109? AFLPs -. Thi * correlation is reduced to 

A when comparing RAPDs with AFLPs SSRs 

SST*^ over 50% ° f * e »S5 
aSr RFLPs Same ^ * at obtained AFLPs 



Comparison between assays 

^°,„T mpa f e ^ results obtained with the four tech- 
niques, we tested correlations using Procrustes rotation 



Discussion " ' 

Snf Vt B pr ? lif « ati on of genetic markers, compari- 
is a neeTfor «» inevitable. However, there 

wMrh ■ ^^comparisons in order to decide on 
which technique is best suited to the issues being exam- 

SS ,? C . R)-based systems (RAPDs, SSRs and 
AFLPs) developed during the last 5 years have been 
compared witti the well established RFLP system that 

oZ H£ IOPed 15 years a S°- technique not 
ZSLff?- ? but 3150 » the tyje and 

amount of polymorphism detected. The levels of poly- 
morphism between the four techniques varied widely 
JSfv'JS?^ of 100% (SSRs) to only 

Xf £ ( w Smilar ""^fa were observed when 

vwtn RAPDs in tomato where the level of oolvmor- 
phism was 40% with RAPDs compared to lSSftXn 



0.08 

0.06 

I 0.04- 

c 

o 

I °^ 

^ 0 

I -O02 
-0D4 



RAPDs 
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■cos 



-0.04 -0.02 o 0A2 0.04 0.06 
isi pnnapal component 



0.20 
0.15 

aio 

0.05 



0.4 
03- 

02- 

0.1 



AFLPs 



Combined data 



a4 



0.2 



-0.2 



SSRs 



•OA -0.2 0 02 0i4 0 '.6 ol U) 
1st pnndpaj component 



-0.10-1 
-0.10 



■fl-05 0 0.05 

1st principal component 



0.10 
0.05 

I 0 

! -0.05 
" -0.10 
-0.15 



RFLPs 
r* 

2W 



1 st principal component 



fSed bv n 0 H^°T am °? fi Sprin S s and winters cultivars rc - 
vealed by pnnapal co-ordinate analysis for each molecular SLy 

SStaSS^S" ^t^ined using RFLPs, RAPDs, AFLPs and 
Cd ° D SpearmaD S rank correlation and Procrustes rotation 



SSR 
AFLP a 
RAPD' 
RFLP 



1.000 

0.515 1.000 

0.235 0.109 

0-505 0.708 

SSR 



1.000 
0.201 



1.000 



AFLP RAPD RFLP 



' Rondo omitted from dataset for RAPD comparisons 

nfw whenever s SRs have been compared to 

levek TnT thCy . haVe ***** revealed ttolScS 
SalW* P °^n? hlSm (R^-Kortekaas et al. 1994- 
tt^fl^ 19 l 5; Saghai Maroof et * 1994; Powell 
W?,nH ? M u^ ghan et ^ 1995 >' Morgante et k 1994' 
X^fJ Tanks ^y 1993). The level of polymorphism 

?Snfl- ° b f er X ed m P^ous studies on barley using 

et rs«^sf? of r^ es (46o/o) 

ai. iyy 4 j. This is probably due to pre-election of 



-°- QS , 0 0 05 0.10 0.15 0.20 
1 st principal component 



'ESSE" 0 RFLP ? robes - 1116 lowest level of poiy- 

STSsfe'T asS ° cia u ted AFLPs. Becker et S. 
SS3 Si ° A mT ed leve,s of Polymorphism re- 
™! i!l y AFLPs were lower than by RFLPs. How- 
SSn'JW 1 *f LPS d ° DOt offer *e highest eve? of 
t£ZS££ m t. <bBr m ^ mOSt efficient because ttey 
Jffib fir? ° ^ many P^orphic bands £ 
oer PCR £ T^ T a J erage number of bands P er lane or 
per PGR for AFLPs was 49.5, compared to 1 0 band 
per lane or PCR for SSRs. Thus, when tta overaU 

JFLP^r t^ 6 f ° Ur ^hniqieTSe^mprS 
,W™J ^ e bjghest < 0 - 937 )- Powe U et al. (1996) 
mtroduced the concept of Marker Index as an overall 
S!f ^ re ° f marker efficiency, and they demonsSd 
AFLPs had the highes? MarSndex 
o^er available marker systems. The 1*5 
Marker Index or diversity index is a reflection of the 
it Cy ?k AI T Ps t0 s ™ultane 0 usly analyst aTarge 

S 6 ™? 138 ™ can be divided into two 
diS«o k ' ^? ter x. and based on morpholoS 

2££X Melcbjn ? er et (1994) using RFLPs ob- . 
served a clear separation between the spring and winter 
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pt?t^d act 5 udy » sunilar results were observed using 
RFLPs, AFLPs, RAPDs and SSRs. Furthermore, Mel- 
chinger et al. (1994) noted that sub-groups were also 
apparent for accessions with similar pedigrees, such as 
me compact grouping of two-row winter types inter- 
mediate between the spring and six-row winter types. 
2«? ?* exce P? on of * e S SR data, the two-row winter 
types form a sub-group between the six-row winter and 

thl «?5 t y pe ? for ^LP. AFLPs and RAPDs. With 
me bJ>R data there is a clear separation between the 
spring and winter types, but not within the winter 
types. This is not unexpected considering the low level 
ot band shanng between accessions; even within groups 
tiie estimates of genetic similarity were much lower 
than any of the other assays. 

Several previous studies have compared the use of 
RFLPs and RAPDs to examine genetic relatedness 

S?^™!^ 19941 T 1101 ™™ et al. 1994; Liu and 
Fumier 1993; dos Santos et al. 1994), and most of these 
show that RAPDs and RFLPs detect very similar rela^ 
tionships among the same group of accessions. Re- 
^ r K J >OIts have c °mpared RAPDs or RFLPs 

et al I °w S f * ° f genotypes (Rus-Kortekaas 

et al. 1994, Wu and Tanksley 1993; Salimath et al: 1995- 
Maughan et al. 1995). Rus-Kortekaas et al. (1994) ob- 
served a lower percentage of band sharing in tomato 
?ST T\ SSKs c °mpared to RAPDs and sugges- 

5?t w ^^ er band sharing wouId make RAP °s more 
suitable for genetic relatedness studies. The results in 
this study would support the finding that SSRs may not 
SnH I ! a r iC ji arIy . WeU suited for Pedigree relationship 
used ° Ugh onIv a ^ number of SSRs were 

r^° W u? g ? ° f genetic variation and the genetic 
relationship between genotypes is an important consid- 
eration for efficient rationalisation and utilisation of 
fh^l^T 0 ^- Furthermore, it is important for 
r pn °^ ^"gn of plant breeding programmes, in- 
fluencing the choice of genotypes to cross for the devel- 
opment of new populations. In barley, breeders have 
made crosses between highly selected genotypes with 
the result that the number of genotypes within the 

erlSnooS^ 01 ," V6ry SmaU - Accordi ng to Graner 
«wi ( i \ better kn °wledge and measures of genetic 
similarity of accessions could help to maintain genetic 
diversity. In the past, indirect estimates of similarity 
based oh pedigree information-have been widely used 
in many species including barley. Such estimates may 
not always reflect the true relationships between acces- 
sions (Graner et al. 1994). In this study we have used 
molecular markers to determine direct measures of 
vt^r ?£ y , between individuals. The estimates 
II nl^ m 0,97 ( ^ FLPs > to °- 45 < SSRs )- Melchinger et 
Srfi 4) - reP v 0rted GS values of °- 79 f °' unrelated 
n«S pa iu? baSed ° n ^ RFLP results re- 

et al. (1993) observed GS values in a set of 27 North 
American barley cultivars using RAPDs which were 



snmfcr to those found here (0.84-0,95). The values of 
GS based on SSRs in this present study are much lower 
than those based on RFLPs, AFLPs and RAPDs. Rus- 
Kortekaas et al. (1994) reported that the percentage of 

™h, tnX 2 b6tWeen tomato cuIt ivars using SSRs was 
oniy 50.8 /o compared with 82.7% for RAPDs 
Plaschke et al. (1995) observed even lower (0.31) esti- 
mates of genetic similarity when employing SSRs to 
examine wheat accessions and suggested that these low 

SSSdbJ h£ • on of information content 

Although we have shown that molecular approaches 
S^i ■ ^ ed Jo .group barley cultivars into mor- 
phologically distinct groups, and also further into 
sub-groups which have a similar genetic background, 
™i haV . 6 °u 1 addre ssed the issue of concordance of 
molecular-based estimates of GS and co-ancestry 
^ (1 " 4) com P are d RFLP-based estimate 
ot with co-ancestry for a set of 48 cultivars. A very 

Srfr C0 ^^ 0n WaS re P ort ed; r.«.021 for winter 
and r, = 0.42 for spnng types. Similarly, using protein- 
based ghadin markers Cox et al. (1985) observed a 
correlation of r„ = 0.27. Both Graner et al. (1994) 
and Cox et al. (1985) agree that perhaps the reason 
tor these poor correlations may be the high back- 
ground similarity found for unrelated accessions using 
molecular markers. When related cultivars were used 
to investigate correlations between RAPD-based 
estimates of GS and co-ancestry a moderate correlation 
or r,_ 0.61 was observed between both measures 
CTinker et al. 1993). Plaschke et al. (1995) observed 
similar results m wheat using SSR-based GS estimates 
nnifr 1 ^ meas , ure s (r, = 0.55). Although we have 
only a limited set of co-ancestry measures for the acces- 
sions studied here, several conclusions can be drawn 
from the correlations between molecular estimates of 
twf ffl be ? 0 - r effici ent of parentage. For example, 
me co-efficient of parentage for Rondo was 0 for all of 
tne pairwise comparisons, and with all molecular 
measures Rondo had the lowest GS value. The low-to- 
moderate correlations between molecular measures of 
Gi> and pedigree estimates have led to the conclusion 
mat pedigree information may not be as useful for 
certain applications for which they have been used in 
the past (Graner et al. 1994; Plaschke et al. 1995) In 
any case, molecular-based estimates of GS will provide 
formation™^ 011 " avaUable from P edi gree in- 
Having . established that molecular-based estimates 
ot OS will allow plant breeders to make informed 
decisions regarding the choice of genotypes to cross, we 
must ask the question as to which assay is most appro- 
priate? Several studies have been described which ad- 
dress tnis question using isozymes, RFLPs and RAPDs 
St? ?ggi°H e nf * 199 ? Tn orma nn et al. 1994; Heun 
et al. 1994; Hallden et al. 1994). Heun et al. (1994) found 
that the correlation between RAPDs and isozymes 
among Avena sterilis accessions were moderately low 



&r V?'^* 011 ^ the overall representation of gen- 

et a\ r fl9q e i n ! SS WZS J a co ° siderabIe agreement. Beer 
etai (1994) assessed genetic variation among Avena 
stenhs using morphological markers, isozymes and 

(r -o ™ ? f ° Und * simflarly Iow correlation 
lL~ V' very ^rent situation was observed 
among Brassica species. Thormann et al (19941 re- 

RAPn.T' 1 ^ 0 ' 18 0f r ' = 0969 between RFLPs and 
WDs for a group of 18 accessions from different 

fSS^ Sant ,° S et ^ < 1994 > obs ^ed 
RSf? y nS correlation between RFLPs and 
v^. ^ S enot ypes within £m«fca 
£ RHP w U iV^ y f id ° bserve Terences between 
™i? , nd RAPD de °drograms. When Spearman 

over WaS A™ and RFLp s ^ 

orSr TH* I Wlf com P aris ons in the same 
order. This may well be because both techniques are 

that PPR^ 11 ^ 0 , 11 ? ite !? hanges > the ma i° r difference is 
that PCR is used m AFLPs rather than Southern 

Xfw R T LPS " 111 COntrast SSRs ^d RAPDs have 
the lowest values when compared to the other assays 
JrJ k>w correlations observed with RAPDs could be 
n 1 r S Ctl , 0n of , the ch °ice of primers which we have 
previously used in the construction of a linkage map 

vX^^ 1011 d6rived from ^ rclated spring 
nSes of S S haVC resulte d in biased est* 

JmS S ' Which m turn has affected the ranking 
"? r ° f g^otypes. For example, the lowest GS 

GS - oSf 11 ^ 0 SP v rin f ty P es Volga and Beka; 
Zh^l wh T the lowest GS estimates for the 
other assays were between two winter types (even when 

holds trSe? rem ° Ved &0m aU thB data seis st iH 

^c? 6 lack of corr elation between SSRs and the other 
assays may not be fully unexpected, considering S£ 
high levels of polymorphism between pairwise com- 
parisons. Powell et al. (1996) reported that Ss£ were 

sTede^f? ^ AFLPs and X^** at *e inter? 

J- ' howeve , r at the intraspecies level the cor- 
relation disappeared, emphasising the uniqueness of 

the 1„ V 88 ^ Thua » While SSR ana ly sis appeared to be 
£ ^r£ p0l r ^ ^ system > * did not seem to 
riy us eM/or assessing genetic relationships 
SesT. ^ RF P S were P^ticularly valuable for 
assessing genetic relationships, but required several 
bSwL, enzyme combinations to discriminate 
an S", • CeSS1 ° DS - Both RFLPs ^d SSRs require 
SoS,"""*!?" 11 iD terms of P robe or sequence 
SSjw — accord i°g to Vos et al. (1995) the 
nuen^rf ***** shou ld require no prior se- 

mee^if ° Wledge - Whfle 0nIy and RAPDs 

££l v requirements, the lack of comparative in- 
formabon at each assayed locus (due to dominance) 

Ship? M aCCUrate assessment of true genetic rela- 
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